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: Comparing protein sequence evolutionary rate (ER) from Zhang and Yang, 2015 to nonsynonymous substitutions per nonsynonymous site (d N ) from Wall et al., 2005 for S. cerevisiae. Spearman correlation coefficient and its significance can be found in the legend, as well as the number of datapoints (n) and its percentage of the proteome in parenthesis. Fig. S3 : Illustration of the gray node's degree in the protein chain graph (A) and its copy number in the cell (B). With these two pieces of information, the weighted degree can be calculated. 
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Results
3.1a Structure similarity threshold and sequence identity cutoff for the organismal protein chain universe graph
As discussed in the Introduction, threshold and cutoff values for protein universe graphs are chosen such that remaining protein pairs that form edges are structurally similar but their sequences are non-homologous. Dokholyan et al., 2002 and Deeds et al., 2004 employed the DALI Zscore (Holm and Sander, 1993) as a measure for structure similarity in their studies of the PDUG and oPDUGs, respectively. They identified a threshold value for the Z-score which differentiated protein pairs in their dataset with similar structures compared to dissimilar structures at a fixed SID cutoff of 0.25.
ProteomeVis employs the TM-score as a metric for structure similarity, which is length independent, unlike the DALI Z-score Skolnick, 2004, 2005) . By attributing TM-scores to discrete protein structure classifications, such as SCOP (Andreeva et al., 2014) and CATH (Sillitoe et al., 2015) , protein domain pairs across the PDB have been shown to have the same structure when their TM-scores are greater than 0.5 (Zhang and Skolnick, 2005; Xu and Zhang, 2010) . In addition, Zhang and Skolnick, 2005 showed that the number of protein pairs in the PDB sharing the same structure (TM-score>0.5) rapidly decreases at around a SID of 0.3.
We extend Zhang and Skolnick, 2005's results by only studying protein structures in S. cerevisiae and E. coli. It is unclear whether previous threshold and cutoff values identified for all PDB structures hold for those belonging to a particular organism. To evaluate the TM-score threshold and SID cutoff values, we study TM-score distributions as a function of SID threshold. Figure S6 demonstrates how TM-score distributions change with respect to the potential SID threshold ranging from 0.18-0.26 for (S. cerevisiae, S. cerevisiae) and (E. coli, E. coli) protein pairs. The distribution is multimodal, with one mode roughly centered at a TMscore of 0.2, corresponding to protein pairs with differing structures, and one mode roughly centered at a TM-score of 0.8, corresponding to protein pairs with similar structures. S. cerevisiae also has a distinct mode at a TM-score of 1.0. As the SID threshold increases, the modes centered at 0.8 become more prevalent, while that at 0.2 diminishes. This makes sense because we expect protein pairs with larger SIDs to more likely adopt the same structure. The fact that the 0.2 and 0.8 modes are equidistant from 0.5, agrees with the previously identified TM-score threshold of 0.5. To roughly determine the optimal SID cutoff, we identify the smallest SID threshold for which the 0.8 mode becomes more probable than the 0.2 mode. For S. cerevisiae, the optimal SID cutoff that differentiates between homologous protein pairs is 0.20; for E. coli, 0.22.
These SID cutoffs barely fall inside the 0.2-0.4 range from the literature. To gauge whether these chosen cutoffs for intra-proteome protein pairs qualitatively differ from all possible protein pairs, TM-scores and SIDs of all (S. cerevisiae, E. coli) protein pairs in ProteomeVis are calculated and analyzed ( Figure S7) . Interestingly, the (S. cerevisiae, E. coli) distributions closely resemble that of (E. coli, E. coli). Its identified SID cutoff (0.23) closely matches that of (E. coli, E. coli) protein pairs (0.22). In addition, the distinct prevalence of the 1.0 mode in the (S. cerevisiae, S. cerevisiae) distribution is diminished in (S. cerevisiae, E. coli) and more closely resembles that of (E. coli, E. coli). This indicates that the subset of structures so far deposited in the PDB that correspond to the E. coli proteome are not any more similar to each other than to S. cerevisiae protein structures. For S. cerevisiae, which has a SID cutoff of 0.20, our results indicate that structures within its proteome are more similar to each other than to E. coli structures. This discrepancy may reflect a bias as to which protein structures can be experimentally solved. However, it could reflect a fundamental difference between the two organism's evolutionary history. Previous work found S. cerevisiae Fig. S6 : TM-score distributions for protein pairs with a SID greater than that on the SID threshold axis. The 3-dimensional plot to the left pertains to protein pairs only in the S. cerevisiae proteome; to the right, protein pairs only in the E. coli proteome. Note that the two plots do not have the same probability range.
to have elevated levels of protein complexes with core proteins formed by duplicate, non-homologous protein pairs compared to those of E. coli (Reid et al., 2010) . Because these pairs have the same structure but highly divergent sequences, their increased presence in S. cerevisiae could be responsible for its SID cutoff being lower than that of E. coli.
The TM-score threshold verified in this section matches what is employed in creating oPCUGs in Results 3.1. However, a more liberal SID cutoff of 0.25 is employed to create oPCUGs for both organisms in contrast to the smaller values identified here. To check that calculated scaling constants are robust to the SID cutoff, we plot the calculated oPCUG scaling constant with respect to SID cutoffs varying between 0.15 and 0.30 in Figure S8 . First, identified SID cutoffs of 0.20 and 0.22 generate S. cerevisiae and E. coli scaling constants of 1.69 ± 0.18 and 1.53 ± 0.09, respectively. Both scaling constants are similar in value to those found for oPCUGs formed at a SID cutoff of 0.25 and fall within scaling constants captured by the Big Bang model. Second, scaling constants calculated are robust for certain SID ranges in S. cerevisiae oPCUGs and the entire SID range analyzed in E. coli oPCUGs. At lower SID cutoffs, S. cerevisiae's scaling constant fluctuates, going from 2.0 to 1.8 from a SID of 0.15 to 0.18. Beyond a SID of 0.18, scaling constants begin to stabilize, not deviating more than 0.1 in either direction from its 0.18 value. E. coli oPCUG scaling constants are robust with respect to the SID cutoff, not varying more than 0.1 units among the all analyzed SID cutoffs. : Scaling constant (γ) and its standard error with respect to the SID cutoff used to define the organismal protein chain universe graph (oPCUG). The scaling constant and its standard error are calculated as in Figure 2 . The TM-score threshold is fixed at 0.5 throughout.
